The authors criticize the concept of "neurogenic pulmonary edema" as resulting from an increase in pulmonary capillary permeability mediated by nerve impulses to those vessels. They show that one of the methods used to produce "neurogenic pulmonary edema" markedly elevates systemic and pulmonary vascular pressures, the latter to levels high enough to produce pulmonary edema. Aided by a research grant from the National Heart Institute, United States Public Health Service.
The authors criticize the concept of "neurogenic pulmonary edema" as resulting from an increase in pulmonary capillary permeability mediated by nerve impulses to those vessels. They show that one of the methods used to produce "neurogenic pulmonary edema" markedly elevates systemic and pulmonary vascular pressures, the latter to levels high enough to produce pulmonary edema. Vagotomy and/or upper thoracic sympathectomy do not prevent the elevation of pulmonary vascular pressures. Blockade of the sympathetic innervation to the systemic vascular bed lowers the systemic vascular pressures and brings the pulmonary vascular pressures back to normal. The control of pulmonary vascular pressures by sympathetic impulses to the systemic vascular bed is demonstrated.
T HE CONCEPT of neurogenic pulmonary edema, which relates central nervous injury, irritation, or stimulation to the pulmonary edema state, has suffered somewhat from a lack of observation of those phenomena concurrently going on in the cardiovascular system.
As a result the view has become widespread that the pulmonary edema state results from an increase in pulmonary capillary permeability mediated by nerve impulses, independent of that hemodynamic change which might readily be expected to produce pulmonary edema, namely, an increase in pulmonary capillary pressure.
One notable exception to the foregoing has been the recent study of Campbell, Haddy, Adams and Visscher,' in which these authors demonstrated that increased intracranial pressure produced acute pulmonary edema which was preceded by a rise in both pulmonary arterial and venous pressures. This was not, however, accompanied by arterial hypertension, but instead by bradyeardia and a lowered cardiac output. The pathway was demonstrated to be vagal.
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In 1949, Cameron and De,2' 3in attempting to produce chronic hydrocephalus in the rabbit, injected a combination of thrombin and fibrinogen into the cisterna magna of the rabbit. The rabbit promptly developed massive, overwhelming, lethal pulmonary edema. The authors felt that this occurred as a result of increased pulmonary capillary permeability resulting from nerve impulses, primarily vagal.
These phenomena seemed worthy of closer hemodynamic scrutiny, especially with regard to those pressure changes occurring in the pulmonary vascular bed. Accordingly, the following study was undertaken.
The integration of this work with other pulmonary edema research by previous investigators will not be done here but will be attempted in a subsequent communication.
METHOD F Eighteen rabbits weighing from 1.6 to 2.9 Kg.
were used, and the anesthetic was a 25 per cent solution'of urethane given intravenously in doses of 4 cc.0per Kilogram Spinal anesthesia was administered through previously placed subarachnoid catheter according to the method of Co Tui.9 When total spinal anesthesia was desired, 5 cc. of a 4 per cent solution of procaine hydrochloride were rapidly injected.
In rabbits the atlanto-occipital membrane was visualized and 0.2 to 0.3 cc. thrombin and 1.0 to 2.0 cc. fibrinogen were injected through a needle in rapid succession. One rabbit received only the fibrinogen. In the early dog experiments a similar technic was employed, using 3.0 cc. thrombin and 10 to 13 cc. fibrinogen. The solutions were made up by dissolving 0.12 Gm. thrombin (500 units) in 5 cc. isotonic saline and by dissolving 0.4 Gm. fibrinogen in 15 cc. isotonic saline. The combined injection will hereinafter be referred to as fibrin. In later dog experiments the atlanto-occipital membrane was opened widely (1.5 cm.) and the solutions simply sprayed over the dorsal aspect of the medulla with a catheter pointing towards the tentorium. This permitted ready egress of fluid and prevented a rise in cerebrospinal fluid pressure.
When the preparatory maneuvers had been completed, a positive displacement pump was used to accomplish the intravenous infusion of 10 cc. per Kilogram of isotonic saline in one minute. Either one, two, or occasionally three such "standard" infusions were given in the 30-minute period prior to the injection of fibrin. Prior to the intracisternal injection of fibrin, these infusions were never observed to elevate pulmonary venous pressure more than 2 mm. Hg. For purposes of comparison, in some experiments this "standard" infusion was given one or more times after the intracisternal injection and again after ganglionic blockade. 
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.. instance, more than 70 mm. Hg. It is noteworthy that the mean pressure gradient between femoral artery and thoracic vena cava was markedly widened, whereas the pressure gradient between pulmonary artery and vein was hardly altered following the fibrin injection. The highest left auricular pressure obtained after the fibrin injection is shown in figure 3 . In those dogs in which a significant pulmonary vascular hypertension developed, the postfibrin increment of pulmonary venous pressure varied between 10 and 64 mm. Hg.
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3. Effect of the Autonomic Blocking Agent, Ro 2-2222, on Elevated Pulmonary and Systemic Vascular Pressures. Since the pathways were jection of fibrin, the administration of Ro 2-2222 was followed by a fall of these pressures to control levels or below. 4 Figure  3B is a record from the same experiment as shown in Figure 3A and Blockade. It was thought worthwhile to ascertain the effect of a "standard" infusion on pulmonary venous pressure before, during, and after the induction of peripheral vasoconstriction in a dog from which the pulmonary sympathetics had been removed. Figure 5 shows the record of dog 38, in which a bilateral upper thoracic sympathectomy had been performed as described above. Prior to the injection of A B FIG. 5. Pressure tracings from vena cava, pulmonary vein, and femoral artery of dog from which the sympathetic ganglions had been removed on both sides from the stellate through the fifth ganglion. Chart speed = 1 mm. per second. Prior to the intracisternal injection of thrombin and fibrinogen a "standard" saline infusion elevated pulmonary venous pressure 1 mm. Hg. The injection of thrombin and fibrinogen elevated pulmonary venous pressure from 5 to 21 mm. Hg as seen at the beginning of A. A "standard" saline infusion was administered between the first and second arrows in A. The vagus nerves were cut at the third arrow and at the fourth arrow 0.05 mg. per kilogram Ro 2-2222 was given intravenously. B starts 14 minutes after end of A. A "standard" saline infusion was given between the first and second arrows. After bilateral vagotomy, the left subclavian artery was tied off at its point of emergence from the aorta. Subsequently, the simultaneous clamping of the arch of the aorta and the brachycephalic artery for precisely 30 seconds stopped the output of the left ventricle except for the blood going through the coronary arteries. The carotid sinuses were subjected to lowered pressure during the aortic occlusion. The elevation of pressure in vena cava, pulmonary artery, left auricle, and aorta were found to be more or less constant if the aortic occlusion was done at six-minute intervals and if 0.5 per cent of the dog's body weight of isotonic saline was injected in the second minute after each aortic occlusion. Figure 6 shows the results of this type of experiment. Before ganglionic blockade when the aortic occlusion produced peripheral vasoconstriction because of the lowered carotid sinus pressure, pulmonary vascular pressures rose sharply ( fig. 6A) Just what occurs locally when the medulla is bathed in fibrin is not readily apparent. There is evidence to support the view that this is a nonspecific irritative or locally stimulating phenomenon, since Jarisch and associates" reported that veratrine introduced into the cisterna magna of rabbits also produced pulmonary edema. This was confirmed by Horst and coworkers."2 In other experiments not described above intracisternal protoveratrine was also followed by marked elevations of pulmonary vascular pressures but not as immediate in onset. Further evidence that the clotting process is not essential to this phenomenon is also indicated by the rapidity with which the changes develop and, also, by the observation that fibrinogen alone produced acute pulmonary edema in the one rabbit to which it was given.
In view of the striking changes in heart rate and systemic and pulmonary arterial and venous pressures, it seems that some pronounced stimulation, either direct or indirect, is being brought to bear upon the cardiovascular regulatory centers of the brain. This is about as far as our understanding of this part of the sequence goes.
Since bilateral cervical vaogtomy neither prevents the rise in pulmonary vascular pressures nor lowers elevated pressures when done after the fibrin injection, vagal impulses do not appear to play a causative role in the production of these elevated pressures in the dog. In the majority of instances when vagotomy was performed after the elevation of pulmonary vascular pressures, it was followed by a further rise indicating that vagal activity was, if anything, conferring a partial protective effect.
It is well to emphasize the basic difference between the experimental syndrome described above and that used by Campbell, Haddy, Adams and Visscher.' These authors observed that increasing intracranial pressure by the inflation of a subdural balloon over the dog's cerebrum was followed by a moderate elevation of pulmonary arterial and venous pressures and eventually pulmonary edema. However, systemic arterial pressure either fell or remained at control levels and the pulse rate was slowed. Vagal blockade with atropine returned pul-58 monary vascular pressures to normal, elevated cardiac output, and averted the development of pulmonary edema. There is a reasonably satisfying comparison to be made between the experimental syndrome produced by these authors and that which is seen clinically in the postoperative neurosurgical patient or one with brain injury from other causes.
The experimental pulmonary edema syndrome, which has been the subject of this communication, more closely resembles the cardiovascular type of pulmonary edema, since it is accompanied by hypertension, tachycardia, and markedly elevated pulmonary arterial and venous pressures. As will also be seen from a subsequent communication,4 cardiac output is restricted in relation to the rise in left auricle pressure. It may be argued that the hypertension seen in these experiments is more severe than that seen clinically and that the conditions are "nphysiologic." It should be remembered, however, that the experimental syndrome described in the above experiments is one in which an attempt was made to produce a cardiovascular type of pulmonary edema in an organism with a normal heart. Clinical pulmonary edema of the cardiovascular type generally occurs in an organism in which disease has significantly diminished the work capacity of the heart as a pump. The diseased human heart may reasonably be expected to fail at a lower challenge threshold than that of the normal dog.
The elevation of pulmonary vascular pressures apparently does not depend upon the integrity of the sympathetic nerve supply to the lung, since these pressures rose with intracisternal fibrin even after a bilateral upper thoracic sympathectomy had been performed. The combined denervation procedure suggested by Prof. 1. de Burgh Daly likewise did not prevent the elevation of pulmonary vascular pressures following intracisternal fibrin. The average elevation of pulmonary venous pressure was less than that seen in dogs with intact sympathetic ganglions. It must be remembered, however, that the sympathectomy performed also deprived a significant portion of the peripheral -vascular bed of the possibility of participating in the constrictor response.
From flow data to be presented elsewhere,4 it will be clear, as might be anticipated, that the elevation of systemic arterial pressure is largely the result of increased peripheral vascular resistance. Further evidence that centrally mediated nerve impulses to the lung are not an important factor in the rise of pulmonary vascular pressures will be found in the fact that the pulmonary vascular resistance is not elevated following the intracisternal fibrin. In any case, it would be difficult to hold pulmonary vasoconstriction responsible for the marked elevations of left auricular pressure observed above.
The administration of a "standard" infusion uniformly produced a significant rise in pulmonary venous pressure after peripheral vasoconstriction had been induced by intracisternal fibrin. Contrariwise, the same infusion had little or no effect on pulmonary vascular pressures if it was administered either prior to the intracisternal fibrin or after pulmonary vascular pressures had been returned to normal by means of ganglionic blockade.
Of considerable interest in the interpretation of the above data is the fact that pulmonary vascular pressures may be elevated by impulses travelling over sympathetic fibers to the peripheral vascular bed, and conversely, they may be returned to normal by sympathetic blockade of the peripheral vascular bed. This relationship may help to reconcile in some measure the opposing views of those who do and those who do not believe that there is significant nervous control of the volume and pressure of the blood in the pulmonary vascular bed.
It was clear from gross observation of the left auricle ( fig. 1) figure 6A when the aorta was occluded for 30 seconds, left auricular pressure rose sharply. During the period of aortic occlusion it is to be expected that the low pressure in the carotid sinuses induced peripheral vasoconstriction. In figure GB, two minutes after ganglionic blockade, aortic occlusion resulted in a much smaller elevation of left auricular pressure. As the ganglionic blockade wore off, the rise in left auricular pressure gradually regained its previous level ( fig. 6C, I ), and E). Leaving aside the effect of Ro 2-2222 on the coronary vessels, it is reasonable to assume that the aortic occlusion produced a similar impedance effect whenever it was applied. With constrictor impulses to the peripheral vascular bed intact, left auricular pressure rose sharply, and when these were blocked, the rise was much less pronounced. It The authors are keenly aware of the pitfalls to be encountered in the casual application of Starling's law to the patient or intact animal with acute heart failure. And yet, even taking into account the fact that there may be a whole "family" of curves instead of a single curve to express the relationship between end diastolic pressure and stroke work, it seems reasonable to conclude that in at least some of the experimerits shown above, the left ventricle was working at a more advantageous point on the Starling curve after peripheral vasodilation had produced a lowering of left auricular pressure.
Horst and (o-w-orkers'2 using intracisternal veratrine found that the development of pulmonary edema in the rabbit was prevented by the prior administration of the hydrogenated derivatives of ergotamine. Cruchaud and Ver meill6 using intracisternal fibrin in rabbits found that the pulmonary edema was prevented by Dibenamine in three rabbits and by dihydroergotamine in five. Neither group measured left auricular or pulmonary venous pressures but their data suggested that the sympathoadrenal system was in some way involved.
In experiments not described above Ro 2-2222 did not prevent the pressor response to epinephrine and also did not lowser arterial pressure which was previously elevated by epinephrine. This makes it unlikely that endogenously secreted epinephrine was a decisive factor either ill the elevation of pulmonary vascular pressures or in their return to normal with ganglionic blockade. It does iot, howevrer, preclude the possibility that endogenously secreted epinephrine may have contributed to the over-all response.
Lastly, the authors are obliged to justify the use of a new term ill (conn1lectioin with acute pulmonary edema. The term "neurogenic pulmonary edema" has been used by many authors to (convey a variety of meanings. In the minds of some it represents an influence on pulmonary capillary permeability in the absence of an increase in pulmonary capillary pressure. In the view of others it represents any pulmonary edema in which nerve impulses have a primary causal role without special consideration of whether or not they cause a significant elevation of pulmonary capillary pressure. In recent years the authors have come to feel that its usefulness as a means of explicit communication is far outweighed by the confusion it engenders. It was thought that a more causally specific term would be helpful. The phrase "neurohemodynamic pulmonary edema" has been found useful in our laboratory and is herewith defined.
Neurohemodynamic pulmonary edema is that state wherein an increase in the rate of transfer of fluid from pulmonary capillary to the extravascular space of the lung is brought about by an increase in pulmonary capillary pressure, which in turn is brought about either directly or indirectly by nerve impulses. 
